Results: Of the five countries above, Mexico (13.6%) had the highest prevalence of diabetes, followed by Spain (10.4%). Within these countries, significant differences between urban and rural areas were observed (7.8% and 1.4%, respectively). Diabetes consumes between 7% and 15% of the total expenditure of these countries' national health budgets. Mortality due to this disease has been reduced in different countries, demonstrating the success of measures taken to control this situation.
Introduction
Diabetes Mellitus (DM), one of the largest epidemics of the 21 st century [1, 2] , is a chronic condition due to lack or insufficient production of insulin to cope with increased demand from peripheral tissues with a resulting constant increase in blood glucose [3] . It imposes a heavy burden on both the person suffering the disease as well as the public health system. Type 2 diabetes (T2D), is the most frequent clinical form of this disease (about 90% of all cases) [4] that frequently appears in older adults but is currently increasing its development at younger ages -even children and adolescents-associated with a higher incidence of obesity, sedentary lifestyle, and unhealthy diets [5] .
T2D usually develops asymptomatically, making early diagnosis difficult to establish, and frequently taking a decade or more to reach one [6] . It is characterized by a decrease of tissue sensitivity to insulin (insulin resistance), together with decreased mass and function of pancreatic β-cells [7] . This defect leads to impaired glucose metabolism in liver, muscle, and fat cells [8] .
The development of T2D is preceded by a stage of prediabetes characterized by blood glucose concentrations above normal (> 100 mg/dL) but below the cut off for diabetes diagnosis (≥ 126 mg/dL), which implies a higher risk of developing T2D in the future [9] . The prediabetes stage includes impaired fasting glucose (IFG), impaired glucose tolerance (IGT), and a combination of these two alterations [10] . These different stages present a different chronological degree of annual progression to T2D [6] . However, this progression is possible to prevent, and normal glucose metabolism may even be restored by the adoption of healthy life styles [11] . However, since prediabetes is frequently associated with increased risk of developing cardiovascular disease and mortality [12] as well as cancer [13] , it must be considered a disease rather than a 'predisease' stage. Consequently, its early diagnosis and appropriate treatment are correspondingly important.
According to the World Health Organization (WHO), diabetes is one of the ten causes of death worldwide, a number that continues to grow. Whereas the number of deaths due to diabetes was below one million people before the year 2000, it rose to 1.6 million by 2016 [14] . Regardless of populational economic income, no country is immune to this epidemic. If the problem is not addressed in time, these rates will continue to increase.
The prevalence of diabetes shows continuous growth worldwide, and data from the Non Communicable Diseases Risk Factors Collaboration (NCD -RisC) shows that its figures have quadrupled over time [15, 16] . For example, the International Diabetes Federation (IDF), in the eighth edition of its Atlas, estimated that in 2017 about 425 million people between the ages of 20 and 79 had diabetes [4] (Figure 1) , showing continuous and alarming growth [15] . This increase has been faster in low-and middle-income countries [15] .
On account of this problem, the Spain-Latin American Program of Science and Technology for Development (CyTED), has approved the IBEROBDIA study that attempts to a) Update epidemiological, metagenomic and metabolomic data on the intestinal microbiome and b) To identify new biological markers for the predi-<100 thousand 100-500 thousand 500 thousand-1 million 1-20 million >20 million Source: image taken from the eighth edition of the Diabetes (IDF) Atlas [4] Non-Communicable Diseases; NCD-RisC: Non-Communicable Diseases Risk Factors Collaboration; ND: Diabetic Neuropathy; NFD: Diabetic Nephropathy; OGTT: Undergone an Oral Glucose Tolerance Test; QALYs: Quality Adjusted Life Years; T2D: Type 2 Diabetes; WHO: World Health Organization ction and early diagnosis of T2D, in Spain (Galicia) and the collaborating countries, namely, Mexico, Colombia, Chile, and Argentina. This report is related to its first step: the description of the epidemiological situation of T2D in these countries.
Epidemiology of T2d in Spain and Latin America
Chronic non-communicable diseases (NCDs) impose a heavy economic burden on the current health system; in addition, the number of people affected by NCDs is expected to increase substantially in coming decades as a reflection of global population aging and growth [17] ( Table 1 ). The epidemiological situation in the countries involved in the IBEROBDIA programme will be described below.
Spain
In 2010 the first national study of diabetes in Spain started, aimed at providing exhaustive knowledge of T2D epidemiology (Di@betes.es); its results would be available in 2018. Preliminary data presented recently at the "Spanish Society of Obesity" Congress showed that of 2,048 patients evaluated, 85% (1,751 cases) presented an IGT, 78% (1597 persons) had their HbA1c levels measured, and 61% (1,251) had undergone an oral glucose tolerance test (OGTT). Since 2010, 386,003 new cases of T2D have been diagnosed in Spain, approximately 44 cases per hour. This study also reflects the prevalence of diagnosed (7.8%) and previously undiagnosed (6%) cases of this disease [18, 19] .
The prevalence of T2D in Spain in 2011 was known to be between 4.8% and 18.7% (8.1%, according to the Ministry of Health and Consumer Affairs [20] ), with an annual incidence of between 8.2 and 10.8 cases per 1,000 inhabitants [21] . During the period: 2010 to 2017, there was an increase of 644.9 thousand adults with some type of diabetes. Since the number of adults with this disease in 2017 was around 3.6 million, the ongoing growth of the incidence of this disease is evident [4, 22] .
The survey performed in the last 12 months by the National Statistics Institute on chronic or long-lasting problems or illnesses in the adult population showed that the Canary Islands had the highest percentages (10.54% and 11.66% for women and men, respectively), whereas the lowest percentages were among women in the Basque Country (4.39%) and men in the Baleares Islands (5.20%). In Galicia the percentages for the two sexes varied little: 8.89% and 9.49% in women and men, respectively.
Latin america
Changes in demographic and socioeconomic profiles The CARMELA study reported that 1,553 people (average age 47.5 years) living in the capital city (Bogotá) had a prevalence of T2D of 8.1% (7.4% in women and 8.7% in men) [31] .
In 2005, the self-reported prevalence of diabetes diagnosis in adults (18 to 64 years of age) showed a higher prevalence in people between 50 and 64-years-old, in male adults, as well as in those with no formal education and in those who had low income [32] . Although no reliable information exists on the rate of the rise in diabetes prevalence, considering the relationship between diabetes and obesity, it may be assumed to increase in parallel with the degree of adiposity. Comparing data from the two ENSIN surveys (2005 and 2010) of people between 18 and 64 years of age, the prevalence of overweight/obesity increased by 5.1%: overweight and obesity separately increased by 2.3% and 2.8%, respectively, over a 5-year period [33]. The national healthcare system is leveraged by two large entities: the Subsidized and the Contributive system. The former includes low income patients that have a government-subsidized healthcare plan, whereas the contributive system includes employees from whose salaries a 12.5% monthly discount is subtracted (as established by law); it is called POS based on its acronym in Spanish [34] .
Fasting blood glucose measurement is included for diagnosis (mandatory for people over 40 years of age), OGTT and glycated haemoglobin (HbA1c). The POS does not include 24-hour blood glucose monitoring, but it may be requested through the Technical-Scientific Committee.
Since T2D is one of the 5 leading causes of death and one of the main 10 causes of medical consultations in the adult population in Colombia, the Colombian Administrative Department of Science, Technology and Innovation (COLCIENCIAS) have requested that the Health Technology Assessment Institute and the Pontificia Universidad Javeriana, draft a clinical practice guideline for the diagnosis, treatment, and follow-up of T2D in the population over 18 years of age [35] . Although this guideline was not published in a scientific journal, it has been available locally since March 2016. Its main objective initially was to identify people with undiagnosed diabetes that could benefit from early diagnosis/treatment [30] .
This guideline provides diagnostic values for the screening and diagnosis of T2D, as well as values to identify people at risk of developing diabetes. In all cases it recommends diabetes education (adoption of a healthy lifestyle) emphasizing the importance of appropriate glycemia control to reduce T2D risks factors identified by the FINDRISC questionnaire [36]. The use of HbA1c is suggested as a strategy for T2D diagnosis in patients with fasting blood glucose in this region have induced important changes in its epidemiological profiles.
However, large differences have been found within countries when urban and rural settings were compared. For example, the Colombian population showed a five-fold difference between urban (7.8%) and rural (1.4%) populations [23] . The data suggest that these differences could be attributed to changes in the lifestyle and diet of modern society. Therefore, actions aimed against these changes might provide a challenging opportunity to develop primary prevention strategies [24] .
Mexico: Mexico is the main consumer of sugary drinks and is also the country with the largest obese population in the world: the combined prevalence of obesity and overweight in adults is 71.3% [25, 26] .
In 2012 diabetes prevalence was 9.2%, which means that 12 million people 20 years and older have diabetes. Of this diagnosed population just over 80% receive treatment. However, only 25% attained treatment targets, and therefore, 24.7% are at moderate risk while 49.8% are at very high risk of developing complications [27] . For this reason the disease became the main cause of demand for outpatient medical care, causes of hospitalization, of blindness, chronic renal insufficiency and non-traumatic amputations. It is also the main cause of death in adults 55-74 years old, and its control/treatment consumes 2.4% of the Gross Domestic Product [28] .
It was predicted that by 2050 diabetes prevalence could reach between 14% and 22%. The high prevalence of obesity in this country, which accounts for 17.5% of the male and 25.2% of the female population could explain, at least partly, this predicted increase [29].
In 2008, the Staged Diabetes Management Program "MIDE" at the Institute for Security and Social Services for State Workers (ISSSTE) changed the paradigm of diabetes care in Mexico: it was the first institution with HbA1c as the glycemic monitoring test, setting a precedent that would revolutionize diabetes care in the country. The MIDE Program, launched in 2014, has contributed to the integration of the National Strategy for Prevention and Control of people with overweight/ obesity and diabetes. In the MIDE program, 100% of the patients are monitored with HbA1c and 62% of them achieved treatment target values.
Colombia: Colombia is the third largest country in Latin America with approximately 48 million inhabitants. The prevalence of T2D in the adult population (over 20 years of age) is between 7 and 9%, but is 5 times lower in the rural population, resulting in around 2 million people with the disease; this fact represents a challenge for the future, especially for the identification and treatment of those who are unaware of their diagnosis [30].
USD $99,500 if end-stage renal disease were diagnosed [41] .
All together, these figures support the concept that prevention of the development/progression of diabetes complications by attaining treatment goals, is a cost-effective approach to optimize the use of resources.
Argentina: Diabetes prevalence in the country rose from 8.4% to 9.8% in the 2005-2013 period, and was higher in the elderly, women with obesity, and people with lower income and low educational level [48] . Also, the number of undiagnosed and untreated people is high. Despite the knowledge that tight control of hyperglycemia and associated cardiovascular risk factors effectively prevents the development of chronic complications, most people with diabetes do not achieve appropriate treatment goals to reach this prevention [49] .
This in turn results in decreased quality of life of these people and in a higher cost of care. In this regard, diabetic retinopathy is the number one cause of non-traumatic blindness; diabetes is also the leading cause of dialysis, accounting for 34.7% of incidental cases and 22.8% of renal failures [50, 51] . However, the leading cause of death in people with diabetes is cardiovascular disease.
Diabetes prevalence in Argentina, compared to other countries in the region, is higher than in Uruguay and in many Brazilian cities (where it is between 3.6 and 6.9%).
It has been shown that education of healthcare providers and people with diabetes can effectively change this situation, especially by implementing these programs at the primary care level and establishing coordinated activity between the different levels of care. Several examples of local evidence support this assumption, such as the PROPAT project developed by IOMA (social security organization of the Province of Buenos Aires [52] . The PRODIACOR program in the Province of Corrientes [53] , and, most recently, DIAPREM in the Municipality of La Matanza, Province of Buenos Aires [54] , also improved the quality of care provided to people with T2D. In all of these programs, the diabetes education given and the organization of care promoted a significant improvement in clinical and metabolic indicators, and also reduced care costs. DIAPREM provided education, but also added the systematic recording of variables (QUALIDIAB), the setting-up of a call center, and medical consultations scheduled with a cardiologist and an ophthalmologist. The education program was devoted to doctors in an online format whereas the program for nurses was given face to face in the intervention group. In the control group physicians and nurses continued to work as usual.
At the DIAPREM program startup, patients in both groups showed indicators of similarly poor quality of care (low percentage of patients with values for between 100 and 125 mg/dl [37] . The use of OGTT is recommended for T2D diagnosis in patients with fasting plasma blood glucose between 100 and 125 mg/dL [38] .
Chile: According to available national representative surveys taken in Chile in 2003, 2010, and 2016-2017, the prevalence of diabetes in the population over 15 years of age was 6.3%, 9.4% and 12.3%, respectively [39, 40] . Data indicate a continuous growth of such prevalence that 1.8 million people are affected with this condition, of which approximately 90% suffer T2D. Further, the annual growth of prevalence has been projected by a stock and flow mathematical model using trends provided by the three NHSs: population growth, mortality rates, and obesity rates. Assuming a linear growth trend and the same average growth rate as in the previous 17 years, the prevalence by 2035 is expected to be 19. Regarding access to healthcare, of the 78.5% of people diagnosed with diabetes, only 58.5% received treatment and 34% achieved treatment goals (HbA1c < 7.0%) [43, 44] . The impact of this low effective coverage/metabolic control was studied using the IMS Core Model for Chile. Interestingly, it was reported that if 50% of diabetic patients could achieve the glycemic goals (and 20% reach those for blood pressure and dyslipidemia), the country would avoid 13,983 cases of blindness, 12,539 cases of acute myocardial infarction and 22,464 deaths in a 10 year period [45] . A complementary analysis used individual risk profiles of diabetic patients provided by the NHS 2010 in the context discrete event simulation model to project outcomes based on the UKPDS Outcome Model 2 [46] . From this analysis it was estimated that a newly diagnosed diabetic patient who did not suffer any complication during his/her life would live on average 17.08 Quality Adjusted Life Years (QALYs). If complications such as heart failure or end-stage renal disease would occur, expected QALYs would decrease to 14.85 or 11.31, respectively.
In terms of economic costs, the International Diabetes Federation estimated that 10.2% of the total health expenditure was attributable to diabetes in 2013 [47] . This is equivalent to USD $1,427 per diabetic person per year [45] . It was also estimated that a newly diagnosed patient with no complications during his/her life would cost USD $12,300, on average, an amount that would increase to USD $16,500 if heart disease appeared and Despite the low percentage, this treatment constitutes a considerable economic burden in health expenditures [57] .
• Diabetic Neuropathy (ND) is the third chronic complication of diabetes. Although it is the most common (its estimated prevalence exceeds 50%), it is also the least studied, as its diagnosis is difficult and its pharmacological treatment is limited [59] .
• Five percent of patients present neuropathy symptoms within five years of diagnosis and 50% within twenty-five years. Drug use, such as alcohol and tobacco, and the presence of peripheral vascular disease favours its development [59] .
Mortality
Spain is one of the countries within the European Union where T2D has the greatest impact on both the population and the health care system, accounting for 2.4% of all deaths with a mortality rate in 2015 of 22 per 100,000 [60] . In men it represents 2% of all deaths having a mortality rate of 19.4 per 100,000 inhabitants, while in women it was responsible for 2.8% of deaths with a mortality rate of 24 per 100,000 inhabitants. In Latin America, non-communicable diseases: diabetes, cancer, respiratory diseases, and cardiovascular diseases, are the four main causes of death. Between 2010 and 2013, diabetes was the second leading cause of death in the 25-64 age group with 19.1 per 100,000 inhabitants [61] . In 2014, the age-standardized mortality rate for T2D in the region shows a slight difference between men (35.6%) and women (31.6%) per 100,000 inhabitants.
In Mexico, since 2000, T2D ranked in the first position since accounted for 14.8% of deaths recorded in 2014 [62] . The mortality rate per 100,000 inhabitants was more than twice that in Brazil, more than three times the rate in Chile and 14 times the rate recorded in the United Kingdom [58] .
From 2015 to 2017, diabetes mortality in the region has decreased, from 247,500 to 209,717 deaths, respectively. In 2017, about 44.9% of all these deaths occur in people under 60 years of age.
The reduction in mortality by some countries indicates that control of diabetes is possible to a significant degree. Despite the reduction in deaths without any adjustment for population growth, it indicates that measures have been taken to control this condition.
On account of this situation some countries have implemented programs to combat, prevent, and improve quality of care in order to ameliorate this situation. In Spain and the different countries of Latin America a reduction in mortality has been observed, namely: in Spain it decreased by 34.6% [63] , in Colombia by 31.3% [64] , in Argentina by 29.3% [65, 66] , and in Chile by 7.6% [67] .
Body Mass Index (BMI), HbA1c, blood pressure, and target lipid profile). However, these indicators improved significantly after 6 months in the intervention group, and continued to improve after 12 months of follow-up. Conversely, no significant improvement in any of these parameters was recorded in the control group. These results demonstrate that diabetes education implemented at all three levels improves the quality of care and quality of life of people with diabetes, also reducing the cost of their care.
Comorbidity
When diabetes is poorly controlled -particularly when this deficient control continues for long periods -facilitates the development of a number of complications and comorbidities, as well as at least doubling the risk of death due to heart disease and stroke [47] .
Diabetes complications can affect small and large vessels, promoting micro-and macroangiopathy: whereas the former is diabetes specific and is responsible for most disabilities, the latter is frequently associated with other cardiovascular risk factors. However, it is 2 to 4 times greater in people with T2D than in their non-diabetic counterparts, which thereby makes it responsible for the main causes of death in adults worldwide [55] .
Microangiopathic complications include:
• Diabetic Retinopathy (DR) is the main cause of non-traumatic blindness in adults; its prevalence in Europe has been estimated at 3-4%. However, the situation of patients with TD2 must be differentiated, since the prevalence increases to 60% for them [56] .
In Mexico in 2012, 47.6% of patients with diabetes reported impaired vision, 13.9% had damage to the retina and 6.6% had total loss of sight [28] .
In Chile DR is the main cause of blindness. A study of diabetic subjects lasting over 5 years showed that 48% had retinopathy and 25% had advanced retinopathy [40] .
• Diabetic nephropathy (NFD), if not detected and treated at an early stage, NFD may progress to chronic renal failure. Diabetes is one of the leading causes of renal failure, with approximately 10% to 20% of patients with diabetes dying from this cause [57] . In Chile, 35% of all cases of advanced chronic renal failure are known to be related to diabetes. Chile is the country with the highest frequency of renal replacement therapy in South America [40] .
• Factors such as low blood pressure (BP) and appropriate glycemic control may decrease its incidence in the diabetic population [58] .
Although this complication is not as frequent, according to data from the National Health and Nutrition Survey (ENSANUT) in Mexico, by 2012 1.4% of patients with diabetes were on peritoneal dialysis.
In view of these data, it is obviously necessary to promote the active implementation of diabetes education strategies to obtain an effective and sustainable decrease of the current socioeconomic diabetes burden.
Complementarily, studies such as the IBEROBDIA that will provide new key results on the epidemiology and pathogenesis of the disease could help to achieve this aim by facilitating the development of an interdisciplinary and intersectoral approach.
Health Care Costs Associated with T2D
Diabetes in adults is a growing health burden. The IDF has estimated that in 2017 the total healthcare expenditure on diabetes care will reach US$ 727 billion, an increase of 8% compared to 2015 estimates. This economic burden of diabetes will continue to increase, with healthcare expenditures expected to reach US$ 776 billion by 2045, which represents a 7% increase [4] .
Diabetes in Spain is the main chronic disease and its direct costs represent 7% and 13% of the total expenditure of the National Health System [68] .
In 2014, Chile spent $21.2 billion on health care, of which 10.2% were invested in people with diabetes, which means an average of US$ 1,427 per person with diabetes per year [69] .
In 2013, diabetes health care costs amounted to 6.53 million dollars (5,809 million euros), representing 8.2% of the total health care expenditure [70] ; 38% of the total cost was spent on drug treatments, followed by hospital costs (33%) ascribed to events related to diabetes complications events [71] .
A review of 89 papers published by the Spanish Ministry of Economy and Competitiveness for the period 2000-2014 on the average total cost of a person with diabetes (at an international and national level, Europe and the United States of America) indicated that this cost fluctuated between $1,251.67 (1€ = 1.13 US dollars, February 2019) and €7,080.74 per year (a ratio of 5.7). The variability in the magnitude of the average direct healthcare cost is also around 5, fluctuating between $776.08 and $4,115.37 per patient per year [68] .
Conclusions
According to this brief literature review on data from Spain and some Latin American countries included in IBEROBDIA programme (Mexico, Colombia, Chile, and Argentina), it can be concluded that:
• The high levels of obesity frequently associated with prediabetes present in the population increase the risk of developing T2D. If this trend continues to increase, in the relatively near future the percentage of people with diabetes will reach 50% of the population.
• In both Spain and Latin American countries included in this review, the problem is quite similar despite apparently different lifestyle habits and environment.
• On the other hand, consistent data from the literature has confirmed that promotion of the adoption of a healthy life style through structured diabetes education programs is very effective in delaying the transition from prediabetes to T2D in risk populations and also in improving T2D control. 
